Health and Welfare of Japan, and subjects who visited Osaka University Hospital for health check because of mild obesity [84 cases, 41 men (45±12 years), 43 women (58± 13 years)] were enrolled in the study. Informed consent was obtained from all subjects following the approval of the ethics committee of Osaka University. Among 661 subjects, 41 (6.2%), 49 (7.4%) and 34 (5.1%) were being treated with an anti-hypertensive, anti-hyperlipidemic or anti-diabetic regimen, respectively. Therefore, not all the subjects were clinically normal, but were almost representative of the general Japanese population. Diabetic subjects treated with insulin were not included in this study. We and others have reported that thiazolidinediones increase plasma adiponectin concentrations dramatically, so none of the subjects in our study group were receiving thiazolidinediones.
Anthropometry and Abdominal Fat Distribution
Anthropometric measurements (height, weight and waist circumference) were performed in a standing position. Body mass index (BMI) was calculated as weight divided by the square of height in meters. Waist circumference (WC) at the umbilical level was measured in the late exhalation phase while standing, as reported previously. 23 Blood pressure was measured in the sitting position. A computed tomography (CT) scan was performed in all subjects in the routine supine position. The intra-abdominal visceral fat area (VFA) and subcutaneous fat area (SFA) were measured from CT cross-sectional scans at the level of the umbilicus, as reported previously. 24 
Laboratory Measurements
Blood was withdrawn after an overnight fast and the plasma concentrations of adiponectin were measured by a sandwich enzyme-linked immunosorbent assay (ELISA) system (adiponectin ELISA kit, Otsuka Pharmaceutical Co), as reported previously. 18 Plasma glucose and serum insulin concentrations at 0, 30, 60, and 120 min after 75-g oral glucose were determined by the glucose oxidase method and double-antibody radioimmunoassay, respectively. The sums of the glucose and insulin concentrations during the oral glucose tolerance test (OGTT) were calculated as ∑glucose and ∑insulin. Serum total cholesterol and triglyceride concentrations were determined by enzymatic methods. High-density lipoprotein (HDL) cholesterol was also measured by an enzymatic method after heparin and calcium precipitation. 
Definition of the Metabolic Syndrome
There is not a current definition of the metabolic syndrome in Japan. In the present study, we tentatively defined it by modifying the criteria of the National Cholesterol Education Program's Adult Treatment Panel III report (NECP-ATP); 25 that is, the presence of at least 3 of the following abnormalities: (1) abdominal obesity: WC ≥85 cm in men or ≥90 cm in women according to the guidelines for diagnosis of 'Obesity Disease' in Japan; 26 (2) hypertriglyceridemia: a serum triglyceride concentration ≥150 mg/dl (1.69 mmol/L); (3) low HDL cholesterolemia: a serum HDL cholesterol concentration <40 mg/dl (1.04 mmol/L) according to the criteria of the Japan Atherosclerosis Society; 27 (4) hypertension: systolic blood pressure ≥130 mmHg, diastolic blood pressure ≥85 mmHg and/or having received antihypertensive medication; and (5) high fasting glucose: serum glucose concentration ≥110 mg/dl (6.1 mmol/L) and/or having received antidiabetic medication (oral agents).
Statistical Analysis
For continuous variables, results were expressed as mean ± SD or median (minimum, maximum). Pearson's correlation coefficient was used to establish the association between plasma adiponectin concentrations and clinical parameters of the metabolic syndrome. Data that did not demonstrate Gaussian distribution were logarithmically transformed. The subjects were divided into 2 groups according to their adiponectin concentration (<4.0 g/ml or >4.0 g/ml). Category variables were represented by frequency counts, and comparisons between 2 groups were analyzed by the chi-square test. The interquartile cut-off points of plasma adiponectin concentration were 4.0, 5.5, and 7.0 g/ml: category 1, <4.0 g/ml; category 2, ≥4.0 g/ml, <5.5 g/ml; category 3, ≥5.5 g/ml, <7.0 g/ml; and category 4, ≥7.0 g/ml as described previously. 28 The comparison of the mean number of components of the metabolic syndrome in each adiponectin quartile was analyzed by Kruskal-Wallis test with a Scheffe's test. All statistical analyses were performed with StatView-J 5.0 (SAS Inc).
Results

Prevalence of the Metabolic Syndrome and the Distribution of Plasma Adiponectin Concentration in the Japanese Population
Based on our criteria, 22.8% of men and 3.6% of women were diagnosed with the metabolic syndrome. In men, the prevalence increased from 13.3% among subjects aged 30-39 years to 27.7% among those aged 50-59 years, but decreased to 19.2% among men 60-69 years ( Fig 1A) . The prevalence of the metabolic syndrome in women was 4.2% and 5.7% for subjects aged 50-59 years and 60-69 years, respectively ( Fig 1A) . Therefore, the prevalence of the metabolic syndrome was highest in middle-aged men, and increased from the age of menopause in women.
Next, we determined the distribution of plasma adiponectin concentrations in this population and found that in both men and women the percentage of subjects was parametrically distributed against logarithmically transformed adiponectin concentrations (Fig 1B) . The median concentration of plasma adiponectin was 6.1 g/ml for the whole population sample. The distribution of the plasma adiponectin concentrations in men was lower than in women. The median concentrations of plasma adiponectin were 5.5 g/ml in men and 8.7 g/ml in women. We reported previously that subjects with a plasma adiponectin concentration less than 4.0 g/ml had a 2-fold increase in the prevalence of CAD. 28 In the present study the prevalence of hypoadiponectinemia less than 4.0 g/ml was 18.7% in men and 5.0% in women. The cut-off point of 4.0 g/ml corresponded with median -1.4 median absolute deviation of the total subjects. The prevalence of hypoadiponectinemia in men and women was similar to that of the metabolic syndrome (Fig 1C) .
Relationship Between Plasma Adiponectin Concentration and Each Component of the Metabolic Syndrome
We investigated the relationship between plasma adiponectin concentration and each component of the metabolic syndrome. The clinical characteristics and variables of the subjects are shown in Table 1 . The correlation coefficient between plasma adiponectin and various parameters of the metabolic syndrome are shown in Table 2 . With regard to the anthropometric parameters, plasma adiponectin concentration correlated negatively with BMI, WC, VFA, and SFA in both men and women. The correlation efficiency between plasma adiponectin concentration and VFA was r=-0.29 (p<0.0001) in men and r=-0.24 (p<0.01) in women (Fig 2) . Among the parameters related to the metabolic syndrome, plasma adiponectin concentration correlated negatively with total cholesterol, triglyceride, systolic BP, diastolic BP, fasting plasma glucose, fasting plasma insulin, ∑plasma glucose, and ∑plasma insulin, and positively with HDL cholesterol in men. In women, plasma adiponectin levels correlated negatively with triglyceride, systolic BP, diastolic BP, fasting plasma glucose, fasting plasma insulin, ∑plasma glucose, and ∑plasma insulin, and positively with HDL cholesterol. No correlation was found between plasma adiponectin and total cholesterol in women. The presence of diabetes may affect the relationship between plasma adiponectin and ∑plasma glucose or ∑plasma insulin. However, similar results were obtained even when we excluded the diabetic subjects under medication (cor- relation coefficients between plasma adiponectin and ∑plasma glucose, ∑plasma insulin were -0.26 and -0.15 in men, -0.29 and -0.31 in women, respectively.).
Hypoadiponectinemia and the Prevalence of Components of the Metabolic Syndrome
We divided the subjects into 2 groups according to their adiponectin concentrations using a cut-off point of 4.0 g/ml and compared the prevalence of each component of the metabolic syndrome in the 2 groups (Fig 3) . In men, subjects with an adiponectin concentration <4.0 g/ml showed a higher prevalence of abdominal obesity (76.1% vs 52.7%, p<0.001), hypertriglyceridemia (60.6% vs 27.0%, p<0.001), low HDL cholesterol (35.8% vs 16.8%, p<0.001), hypertension (50.5% vs 33.2%, p<0.01) and high fasting glucose (34.0% vs 13.5%, p<0.001) than those with an adiponectin concentration ≥4.0 g/ml. In addition, the female subjects with an adiponectin concentration <4.0 g/ml showed a higher prevalence of hypertriglyceridemia (37.5% vs 13.3%, p<0.05), low HDL cholesterol (18.8% vs 3.6%, p<0.01), hypertension (62.5% vs 36.4%, p<0.05) and high fasting glucose (37.5% vs 13.9%, p<0.05) than those with an adiponectin concentration ≥4.0 g/ml. The prevalence of the metabolic syndrome was higher in subjects with an adiponectin concentration <4.0 g/ml than in those with a concentration ≥4.0 g/ml in both men (52.3% vs 19.6%, p<0.001) and women (37.5% vs 11.4%, p<0.01).
We also categorized the subjects into 4 groups according to their plasma adiponectin concentration: category 1, <4.0 g/ml; category 2, ≥4.0 g/ml, <5.5 g/ml; category 3, ≥5.5 g/ml, <7.0 g/ml; and category 4, ≥7.0 g/ml as described previously. 28 The percentages of subjects in the 4 categories were 22.8%, 28.6%, 23.8% and 24.8%, respectively, in men and 8.8%, 9.9%, 15.9% and 65.4% in women ( Table 1 ). The mean number of components of the metabolic syndrome in each adiponectin quartile increased with the decrease in the quartiles of plasma adiponectin concentration in men (category 1: 2.57±1.34; category 2: 1.76±1.16; category 3: 1.54±1.25; category 4: 0.97±1.02) (Fig 4A) . Comparable data were also obtained in women (category 1: 2.00±1.51; category 2: 1.56±1.54; category 3: 1.07±1.16; category 4: 0.83±1.05) (Fig 4B) .
Discussion
The metabolic syndrome, representing a cluster of insulin resistance, glucose intolerance, hypertension and dyslipidemia, is a common basis for the development of atherogenic cardiovascular diseases, especially CAD, in industrial countries exposed to overnutrition. 29, 30 The molecular basis of the metabolic syndrome has not been elucidated. Adiponectin is an adipose-derived protein with multivalent functions including anti-atherogenic, insulinsensitizing, lipid-oxidation enhancing, and vasodilatory activities. [12] [13] [14] [15] [16] [17] [19] [20] [21] [22] Therefore, it is possible that decreased plasma concentrations of adiponectin plays a significant role in the development of the metabolic syndrome. In the present study, we demonstrated that the plasma concentration of adiponectin was significantly correlated with each component of the metabolic syndrome. Furthermore, multiplicity of the risk factors was higher in the category of subjects with lower plasma adiponectin concentration. Plasma adiponectin may therefore become a useful biomarker for the metabolic syndrome.
In the present study, we tentatively defined the metabolic syndrome using modified NCEP-ATPIII criteria 25 appropriate for the Japanese population. The cut-off point of WC was 85 cm in men and 90 cm in women according to the criteria for abdominal obesity in the Japanese Society for the Study of Obesity, 26 which corresponded to VFA of 100 cm 2 determined by CT scan. The cut-off point of HDLcholesterol level was 40 mg/dl in both men and women, according to the criteria of the Japanese Atherosclerosis Society. 27 Using these criteria, 20.9% of men and 3.6% of women were diagnosed with the metabolic syndrome among a population of Japanese adults.
In the present study, men had significantly lower plasma adiponectin concentrations than BMI-adjusted women (median concentration of plasma adiponectin: 5.4 g/ml vs 8.2 g/ml) as described in previous studies, 18 and the prevalence of hypoadiponectinemia was higher in men (22.8%) than in women (8.8%). The incidence of CAD is lower in women than in men and a higher plasma concentration of the anti-atherogenic protein, adiponectin, may be one of the reasons for the lower risk of CAD in women. It is not appropriate to set a more rigid cut-off value for the simple reason of a higher distribution of plasma adiponectin con- centrations in women. Subjects with hypoadiponectinemia less than 4.0 g/ml had almost the same number of risk factors whether male (2.57±1.34) or female (2.00±1.51); 52.3% of men and 37.5% of women in this category fulfilled the criteria of the metabolic syndrome. Previously, we reported that subjects with plasma adiponectin concentration less than 4.0 g/ml had a 2-fold increase in the incidence of CAD, 28 and taken together with the present results, we propose setting a plasma adiponectin concentration of less than 4.0 g/ml as the cut-off point for hypoadiponectinemia. However, the number of female subjects diagnosed with the metabolic syndrome in this study was still small and the association of hypoadiponectinemia with the prevalence of CAD in women has not been investigated. Further large-scale surveys are necessary to evaluate the significance of plasma adiponectin in the prevalence of metabolic syndrome in women.
Plasma adiponectin concentrations as an inverse predictor of cardiovascular outcomes has been demonstrated in patients with end-stage renal disease. 31 The relative risk of adverse cardiovascular events was 1.56-fold higher among patients in the lower adiponectin tertile than in those in the higher tertile. Recently, a case -control study of 18,255 participants in the US showed higher plasma adiponectin concentrations were associated with lower risk of myocardial infarction independently of other risk factors in men. 32 Clinical evidence demonstrating that correction of reduced plasma adiponectin can reduce the risk of CAD needs to be accumulated.
The metabolic syndrome is not simply a pathogenic clustering of multiple risk factors by chance. Obesity is frequently accompanied with hypertension, glucose intolerance, and dyslipidemia, but the prevalence of obesity greater than BMI 30 is only 2-3% in eastern Asia and it has been reported that BMI is not associated with CAD in Asians. 33 Establishment of criteria appropriate for eastern Asian populations is needed. Accumulation of fat in the intra-abdominal cavity is associated with hypertension, glucose intolerance, dyslipidemia, and CAD also in the Japanese population and accumulation of visceral fat, even in the non-obese, may play a central role in the metabolic syndrome. 34 In the management of the metabolic syndrome, appropriate biomarkers are needed and inflammatory markers, including C-reactive protein, are candidates in Japanese also. 35, 36 Adiponectin will be a novel biomarker for the metabolic syndrome.
Weight reduction increases the plasma adiponectin concentration; 21% reduction in BMI resulted in a 46% increase of plasma adiponectin concentration in obese subjects. 37 Therapeutic agents (ie, adiponectin promoters) can elevate the plasma adiponectin concentration. In mice and humans adiponectin promoters have a nonclassical peroxisome proliferator responsive element, which activates receptor gamma ligands, thiazolidinediones, promoting adiponectin activity and raise its plasma concentration. 38 It has also been reported, still controversially, that blockade of the renin -angiotensin system 39 and the sulfonylurea reagent, glimepiride, 40 increase the plasma adiponectin concentration, but whether these reagents can reduce the incidence of CAD in subjects with the metabolic syndrome, and whether the increase of plasma adiponectin induced by these reagents participates in the reduction of CAD, needs to be clarified in large-scale clinical trials.
In countries exposed to overnutrition, hypoadiponectinemia may become a secondary target for the prevention of atherosclerotic vascular diseases beyond hypercholesterolemia, and the measurement of plasma adiponectin may be useful for management of the metabolic syndrome.
